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Introduction!
 Meiothermus ruber is a gram-negative, non-motile, obligate 
aerobe bacterium with 3,097,457 base pairs (JGI Integrated 
Microbial Genomes Education Site, 2015). M. ruber is in the 
phylum Deinococcus-Thermus and was first isolated in a 
Russian hot spring. Organisms in the Deinococcus-Thermus 
phylum usually live in high temperatures and are called 
thermophiles, such as M. ruber (GENI, 2015). M. ruber is part 
of a poorly studied section in the Tree of Life and has not been 
routinely studied in much detail. The M. ruber Genome Analysis 
Project is of particular  importance due to this reason and may 
help with future developments years from now (GENI, 2015). 
The goal of the M. ruber Genome Analysis Project is to develop 
M. ruber as a model organism for functional genomics study by 
undergraduates. Due to this lack of genomic research into M. 
ruber,  E. coli will act as our model organism in this study 
because it has an abundant amount of genomic research. 
 In this study, the proline biosynthesis pathway was of 
specific interest in hopes of expanding the M. ruber Genome 
Analysis Project.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The proline biosynthesis pathway  as described above is the 
only pathway used for proline synthesis in E. coli. The proB 
gene (locus tag b0242) encodes the γ-glutamyl kinase (EC 
2.7.2.11), which is the 1st step in proline biosynthesis (KEGG 
map number 00330). The proA gene (b0243) is positioned next 
to the proB gene in the E. coli genome, and studies demonstrate 
that the two genes form an operon.   
 
 In this study, we ask these questions: 
1. Does a corresponding proB gene exist in M. ruber, as 
determined by bioinformatics tools? 
2. Does the M. ruber proB (locus tag Mrub1080) complement an 
E. coli proB null strain? 
2. Can we confirm complementation of M. ruber proB 
(Mrub1080) by DNA sequencing?   
 
Results – Functional!
!
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Figure 4: BIOL-375 3-South proB insert (row 1) and 2-South proBA insert 
(row 2) “Weak growing” complementation assay of E. coli strains grown on 
LB/amp plates at 37ºC for 72 hours.  Growth in sector 1 of the A and B plates 
showed successful W.T. growth in lack of proline. Lack of growth in sector 2 
of the A and B plates confirmed E. coli proB- and proBA- null strain’s inability 
to propagate in absence of proline. Lack of growth in sector 3 of the A and B 
plates confirmed absence of E. coli proB and proBA gene on standard pKt1 
plasmid. Growth in sector 4 of the A and B plates confirmed complementation 
with E. coli proB-pKt1 plasmid and proBA-pKt1 plasmid. Growth in sector 4 
of the A plates due to “leaky” arabinose induction system. No growth in 
sectors 5 and 6 of the A plates because M. ruber  proB-m1-pKt1 and proBA-
m1-pKt1 inhibited in absence of arabinose. Some growth in sectors 5 and 6 of 
the B plates shows slight complementation of M. ruber proB-m1-pKt1 and 
proBA-m1-pKt1 plasmid. Growth in all sectors of C confirms all strains were 
able to grow in presence of proline. 
 
 
 
 
Individual Research: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions and Reflections 
In conclusion, this study confirmed that Mrub1080 is 
orthologous to E. coli proB.  Even though the weak growing 
clones viewed in Figure 4 produced inconclusive results - were 
the few colonies that grew demonstrating complementation or 
where they contaminants?  Mrub1080-pKt1 clones were isolated 
and sequenced from these “weak complementers.”   
 
Two reasons for the weak complementation results could be:  1) 
M. ruber proteins might not function well in an E. coli host due 
to the differences in their optional growth conditions (55oC vs 
37oC, respectively): and 2) proB and proA proteins form a 
functional complex in E.coli (Smith, 1984), and an interspecies 
M. ruber proB/E. coli proA complex might not function properly.  
Studies in E. coli demonstrate that this complex is required for 
proB function but not required for proA to function. In other 
studies in Dr. Scott’s lab, M. ruber genes (e.g., proC) have 
complemented equally well to the E. coli genes, which 
demonstrates that M. ruber genes can be expressed in an E. coli 
host. In this study, we cloned the proBA operon to determine if 
the complementation results improved if both genes came from 
M. ruber.  We still saw weak complementation.  The next step 
would be to confirm if both the proA and proB proteins are 
present when the M. ruber proBA clones are transformed into the 
E. coli null host.   
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Confirmation of the function of Mrub1080 as γ-glutamyl kinase (ProB) !
in Meiothermus ruber!
Materials and methods   
  
 For this experiment, lab procedures and computational 
analysis were used to provide evidence of orthologous genes 
between Escherichia coli and Meiothermus ruber. Here was the 
procedure taken to identify and analyze the “weak growing” 
colonies from BIOL-375. 
Figure 2. This figure represents the procedure 
and sequence in which the research study 
adhered to. 
Results (continued)!
Figure 1. Proline biosynthesis in E. coli.  Used Ecocyc to 
model this figure and can be located at http://ecocyc.org/ 
Results - Annotation!
!
Different bioinformatics tools were utilized to predict that 
Mrub_1080 was orthologous to E. coli proB. !
Enzyme: γ-glutamyl kinase 
Gene: proB (b0242) 
Enzyme: glutamate-5-semialdehyde dehydrogenase 
Gene: proA (b0243) 
L-glutamate 
γ-L-glutamyl 
5-phosphate  
L-glutamate-5-
semialdehyde 
(S)-1-
pyrroline-5-
carboxylate 
L-proline 
Spontaneous Reaction 
Enzyme: pyrroline-5-carboxylate reductase 
Gene: proC (b0386) 
Isolate putative M. ruber proB/pKt1 and M. ruber proBA-pKt1 
pDNA from samples taken from the min + arab 
complementation plates. 
Perform PCR to amplify the proB and proBA regions. 
Run the PCR samples on agarose gels, and then extract the 
DNA bands from the gel. 
Send the samples to the University of Iowa DNA sequencing 
facility. 
Use BLAST to confirm that M. ruber proB and M. ruber 
proBA where inserted into the pKt1 plasmids from the min + 
arab complementation plates. 
Figure 5: Gel electrophoresis of proB and proBA plasmids from M. 
ruber used during PCR amplification procedure outlined by Dr. 
Scott. Electrophoresis run in 1% agarose gel, 20 µl each sample and 
10 µl MW marker, and  at 100V for 60 min. Lane 1: MW marker,  
lane 2: M. ruber proB 1-North, lane 3: M. ruber proBA 2-North, 
lane 4: M. ruber proBA 1-South, lane 5: M. ruber proBA 2-South, 
lane 6: M. ruber proB 3-South. M. ruber proBA plasmid ~2300bp; 
M. ruber proB plasmid ~1400bp.  
Samples* E-value Bit Score % identity 
Weak proB  
1-North Forward primer 
0.0 1694 bits 99% 
Weak proB 
1-North Reverse primer 
0.0 1701 bits 99% 
Weak proBA –AGGAGG 
2-North Forward 
0.0 1897 bits 99% 
Weak proBA -AGGAGG 
2-North Reverse 
0.0 1847 bits 98% 
Weak proBA - AGGAGG 
1-South Forward 
0.0 1821 bits 98% 
Weak proBA -AGGAGG 
1-South Reverse 
0.0 1847 bits 99% 
Weak proBA -GGAGG 
2-South Forward 
0.0 1919 bits 99% 
Weak proBA -GGAGG 
2-South Reverse 
0.0 1844 bits 99% 
Weak proB  
3-South Forward 
0.0 1864 bits 99% 
Weak proB  
3-South Reverse 
0.0 1853 bits 99% 
Figure 6: BLAST outputs comparing the sequence of the  “weak complementing”  M. 
ruber proB and M. ruber proBA (AGGAGG or GGAGG) clones to the known sequences.  
*Samples are identified by: 1) the specific Shine-Delgarno sequence inserted ahead of 
the proA in proBA clones; 2) the applicable BIOL-375 research group; and 3) the pKt1 
primer used in sequencing reaction. BLAST located at: 
http://blast.ncbi.nlm.nih.gov/Blast.cgi.  
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Figure 3: Different bioinformatics tools were used to view orthologous 
similarities between the E. coli proB gene and Mrub_1080 gene. These 
bioinformatics tools can be seen at GENI-ACT which can be located at 
http://www.geni-act.org/ 
